Current evidence from experimental animals suggests that the colonic crypt is a clonal unit derived from, and maintained by, a single cell (Griffiths et al., 1988) . Treatment of normal female TO strain mice with the colon-specific carcinogen dimethylhydrazine (DMH) results in a histochemically demonstrable loss of activity of the X-linked enzyme glucose-6-phosphate dehydrogenase (G6PD) in single, randomly distributed colonic crypts. This phenotypic change is uniform within the affected crypts, and its frequency is related to the dose of DMH treatment, strongly suggesting that it is the result of a carcinogen induced mutation at the G6PD locus on the active X-chromosome of a single primary crypt stem cell (Griffiths et al., 1988) .
Current evidence from experimental animals suggests that the colonic crypt is a clonal unit derived from, and maintained by, a single cell (Griffiths et al., 1988) . Treatment of normal female TO strain mice with the colon-specific carcinogen dimethylhydrazine (DMH) results in a histochemically demonstrable loss of activity of the X-linked enzyme glucose-6-phosphate dehydrogenase (G6PD) in single, randomly distributed colonic crypts. This phenotypic change is uniform within the affected crypts, and its frequency is related to the dose of DMH treatment, strongly suggesting that it is the result of a carcinogen induced mutation at the G6PD locus on the active X-chromosome of a single primary crypt stem cell (Griffiths et al., 1988) .
A similar crypt-restricted phenotypic change has been demonstrated in normal human large bowel mucosa using the mild periodic acid-Schiff (mPAS) technique (Sugihara & Jass, 1986) . This histochemical method distinguishes between 0-acetylated sialomucins, which are mPAS-negative, and non-0-acetylated sialomucins which stain a magenta colour (Veh et al., 1982) . Sugihara and Jass (1986) found that in most human colons the goblet cell mucus is O-acetylated and mPAS-negative but that in a small proportion of individuals it is non-O-acetylated and diffusely mPAS-positive. However, in some cases with mPAS-negative colonic mucus glycoproteins they observed scattered individual mPAS-positive crypts. They were uncertain of the significance of this but interpreted it as a 'functional metaplasia'. A similar phenomenon has been identified by Hughes et al. (1986) , who described a focal loss of immunoreactivity to a monoclonal antibody (3NM) directed against colonic goblet cells, again confined to scattered crypts in the human large intestine.
Because the crypt-restricted phenotypic alterations described in these two reports are similar to the mutageninduced loss of G6PD activity in the colonic crypts of experimental mice, we considered that they may result from crypt stem cell mutation. If this were correct, the frequency of affected crypts would increase with exposure to environmental mutagens, and be age-related. The change might also occur more frequently in subjects with colorectal cancer. We have investigated this using the mPAS technique on histologically normal areas of resection specimens of the sigmoid colon and upper rectum from 30 adults (mean age 71.8 years, range 55-91) with primary large intestinal adenocarcinoma, 30 age-matched controls (mean age 71.3 years, range 52-90) with benign conditions of the sigmoid colon (diverticular disease 27, volvulus 3), and 18 infants or children (mean age 25 months, range 2 days to 9 years) with Hirschsprung's disease (16), intestinal atresia (1) or colonic duplication (1). One block of formalin-fixed, paraffin-embedded tissue from each resection margin of the colectomy specimens was taken and 5 im histological sections were cut at 50pm (Veh et al., 1982) . In nine cases (three from each patient group) two adjacent levels were cut, one being stained by the mPAS technique and the other by the periodic acidphenylhydrazine-Schiff (PAPS) technique, a second method which distinguishes O-acetylated (PAPS-negative) from non-O-acetylated (magenta-coloured) sialomucins (Spicer, 1961) . All of the sections were then examined by light microscopy and the staining reaction of the goblet cell mucus in every crypt recorded. A deep magenta staining reaction was regarded as positive while an absent or very pale washed out pink staining reaction was regarded as negative for both histochemical techniques. The number of crypt profiles in each section was counted manually by placing a transparent acetate sheet over the viewing screen of a Visopan microscope and marking each crypt seen in longitudinal, transverse and oblique section whilst counting with a hand-held tally.
Sufficient levels were examined to ensure that a total of at least 2,000 separate crypts were assessed in every case, the average number of crypts examined being 2,523 in the cases with carcinoma, 2,313 in the age-matched controls and 2,375 in the infant cases.
None of the sections showed any morphological abnormality of the colonic mucosa on light microscopy. Examination of the adjacent sections stained by the mPAS and PAPS methods showed identical patterns of staining. The results obtained with the mPAS method are summarised in Table I. Three patterns of staining were observed in specimens from adult subjects. In the majority (39/60) the goblet cell mucin of all the crypts examined gave a uniform negative mPAS staining reaction while a minority (5/60) showed a diffusely positive staining reaction throughout the mucosa. In the third group (16/60) occasional positively stained crypts were scattered in an otherwise negatively staining mucosa, with an apparently random distribution (Figure 1 ). Such positive crypts usually occurred singly, although a total of five patches of between two and six adjacent positive crypts were found in four cases. In the great majority of affected crypts all the goblet cells were uniformly positive (Figure 2 ). However, in five crypts from four of the colons (7% of all positive crypts in a negatively staining background) there was partial involvement affecting one sector of the crypt circumference (Figure 3) . The average frequency of individual (Varki & Kornfield, 1980 confined to a single crypt, similar to the carcinogen-induced crypt restricted loss of G6PD activity described experimentally in mice (Griffiths et al., 1988) , suggesting that human colonic crypts, like those of the mouse, are maintained by a single stem cell. However, a minority (7%) of altered crypts in the human colon showed partial, usually sectorial, loss of O-acetylation (Figure 3) . The low frequency of partial crypt involvement makes it unlikely that it is due to the presence of multiple stem cells in the crypts. It is more likely that partial involvement is due to mutation in a daughter cell and that it is a transient phenomenon.
The rare finding of patches of two to six adjacent positive crypts in otherwise mPAS-negative colons has three possible explanations. The first, and least likely, is that adjacent crypts have undergone identical chance mutations. The second is that the affected crypts represent an 'embryological' patch resulting from a mutation during fetal or early life in a single cell that gives rise to a group of adult crypts; such patches can be well visualised in X-linked heterozygous animals (Griffiths et al., 1988) . The failure to find such patches in the colons of infants and children also makes this explanation unlikely. The third, and most likely, is that the groups of mPAS-positive crypts result by regenerative crypt neogenesis from a single mutated crypt in an area of mucosal damage.
We conclude that we have demonstrated somatic mutation in the human colon, by studying loss of enzyme activity in a common polymorphism of O-acetylated sialomucins. Our findings suggest that, in humans as in mice, individual colonic crypts are maintained by a single stem cell.
